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•  Provide an overview of NASA remote 
sensing observations relevant for 
monitoring water quality (WQ) in coastal 
oceans, estuaries, and lakes 

•  Provide training in using web-tools to 
access the remote sensing imagery and 
WQ parameters (e.g. Chlorophyll 
Concentration) 

•  Provide hands-on experience in access, 
interpretation, and applications of the 
remote sensing data for WQ monitoring 
with the aid of specific case studies 

Objectives 
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Expected Outcome 

•  Gain knowledge and ability to access, analyze, and apply satellite remote sensing data 
for water quality monitoring and management needs 

•  Learn about advantages and limitations of using remote sensing observations for WQ 
applications 

•  There will be an opportunity to provide feedback about the training material and future 
areas of interest 

•  More advanced, regionally focused training can be requested that includes 
downloading and installing/running software to manipulate satellite data to use in WQ 
applications 
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Agenda 

•  Introduction to ARSET (8:30 – 8:40 AM) 

•  Presentation (8:40 – 9:15 AM)  
–  Overview of NASA Remote Sensing Data and Data Access Tools Relevant for Water Quality Monitoring  

•  Hands-on Exercise of using NASA Web-tools (9:15 – 10:00 AM) 
–  Learn to use OceanColor Web and Giovanni: Selection, Visualization, and Downloading water quality (WQ) data 
–  Analysis of near-real time and past Chlorophyll-a Concentration in the Great Lakes and Gulf of Mexico 

•  Break (10:00 – 10:30 AM) 

•  Demonstration and Follow-along Exercise (10:30 AM – 11:45 AM) 
–  Demonstration of GloVIS – learn to access and interpret LANDSAT Imagery   

•  Course Summary and Question/Answer (11:45 AM – 12 PM) 



ARSET 
Applied remote Sensing Training program 

http://arset.gsfc.nasa.gov 
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ARSET Training Areas 
An Applied Sciences Capacity Building Program 

Disasters Ecological 
Forecasting 

Health & Air Quality Water Resources 

Agriculture Climate Energy Oceans Meteorology 
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ARSET Team 

Water Resources Team:  

•  Brock Blevins (UMBC/JCET) 

•  Amita Mehta (UMBC/JCET) 

•  Kyle Peterson (UMBC/JCET) 

•  Cédric Fichot (NASA/JPL) 

•  Erika Podest (NASA/JPL) 

•  Tim Stough (NASA/JPL) 

 

Program Manager:  

•  Ana Prados (UMBC/JCET) 
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ARSET 

Training activities for environmental professionals to increase usage of NASA 
observational and modeling data for decision-making support. 

http://arset.gsfc.nasa.gov  

Online Webinars 
•  1 hour a week, 4-6 weeks 
•  Live & recorded 
•  Include demos on data access 

In-person Workshops 
•  Held in a computer lab for 2 - 4 days 
•  Focus on data access 
•  Locally relevant case studies 

Train the Trainers 
•  Courses & training manuals for those interested in doing 

their own remote sensing trainings  
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•  66 Trainings Completed 

•  4,000+ participants worldwide from: 
–  1,400+ organizations 
–  130+ countries 

“I think the largest benefit to me will be just 
learning the basics and gaining an 
understanding of what products and applications 
are available and how I potentially use these 
products to help with my responsibilities as a 
land manager.” 
-Participant of a 2015 Wildfire Workshop 

ARSET Trainings 
Accomplishments (2008-present) Participating Organizations by Country & U.S. 

States (2008-2015) 
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ARSET Trainings 
Gradual Learning Approach 

Basic Trainings 
Webinars & Workshops  
Assumes no prior RS knowledge 

Advanced Trainings 
Webinars & Workshops  
Requires basic training 
Focuses on specific application 
problems and data 

Example:  
Algal bloom monitoring in the 
Great Lakes 

Example: 2014 Webinar 
Water Quality Monitoring Using 
Remote Sensing Measurements 
http://go.nasa.gov/1STVxa9  
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ARSET Listserv 

For information on upcoming courses and program updates, please 
sign up to the listserv 

https://lists.nasa.gov/mailman/listinfo/arset  



Overview of NASA Remote Sensing Data and 
Data Access Tools Relevant for Water Quality  
Monitoring     

http://go.nasa.gov/1STVxa9  
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Outline 

•  Remote Sensing of Water Quality 

•  Satellites and Sensors Useful for WQ Remote Sensing 

•  WQ Data and Demonstration of Web-tools to Visualize and Access the Data 

•  Strengths and Limitations of the Remote Sensing Data for WQ Monitoring 

•  Examples of NASA Remote Sensing Applications WQ Monitoring 



Remote Sensing of Water Quality   

http://arset.gsfc.nasa.gov/webinars/fundamentals-remote-sensing 
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Satellite Remote Sensing 

Satellites carry instruments/sensors to measure:  
–  reflected solar radiation 
–  emitted infrared and microwave radiation  

 
 
 

 
 
 
 

! The intensity of reflected and 
emitted radiation to space is 
influenced by the surface and 
atmospheric conditions. 

 
! Thus, satellite measurements 

contain information about the 
surface and atmospheric 
conditions.  

Measuring Properties of the Earth-
Atmosphere System from Space 



National Aeronautics and Space Administration Applied Remote Sensing Training Program 16 

Atmosphere 
•  Clouds 
•  Aerosols 
•  Gases 

 

Earth’s Surface 
•  Snow/Ice 
•  Land  

–  Land use 
–  Vegetation 

•  Water 

Satellite measurements carry information about: 
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Remote Sensing of Water Bodies 

Emitted thermal infrared radiation can be 
measured by  satellite sensors, and used to 
derive the temperature of surface water 
bodies. 
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•  Suspended sediments 
•  Algae 
•  Dissolved Organic Matter 
•  Detrital Organic Matter 
•  Submerged/Floating vegetation 
•  Oil 

Reflected solar radiation (~ color of the water) is 
measured by satellite sensors, and used to derive the 
properties of optically-active water constituents: 

•  Contaminants 
•  Pathogens 

Remote Sensing of Water Bodies 
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Simple image interpretation to derive 
QUALITATIVE information about water 
quality 

Use of various types of algorithms to 
derive QUANTITATIVE information about 
water quality 

Remote Sensing of Water Bodies 
Techniques 

In Situ Observations Required 
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Phytoplankton 
Dissolved Organic Matter 
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cartridges [Louchouarn et al., 2000]. Cartridges were stored at 4!C until elution with 30 mL of High-
performance liquid chromatography (HPLC)-grade methanol. The elution solutions were then stored at
220!C until analysis. Lignin was analyzed using the CuO oxidation method of Kaiser and Benner [2012]. Con-
centrations of lignin phenols were measured as trimethylsilyl derivatives using an Agilent 7890 gas chroma-
tograph equipped with a Varian DB5-MS capillary column and an Agilent 5975 mass selective detector. The
concentrations of nine lignin phenols were measured in this study: p-hydroxybenzaldehyde (PAL), p-hydrox-
yacetophenone (PON), p-hydroxybenzoic acid (PAD), vanillin (VAL), acetovanillone (VON), vanillic acid (VAD),
syringaldehyde (SAL), acetosyringone (SON), and syringic acid (SAD). The sum of nine p-hydroxyl, vanillyl,
and syringyl lignin phenols (TDLP9) are reported in units of nmol L21. Corresponding DOC-normalized lignin
yields (TDLP9-C) are reported in units of %DOC.

2.5. Field Measurements of Rrs(k,01)
Hyperspectral remote-sensing reflectance, Rrs(k, 01), in the k 5 350–700 nm wavelength range was derived
from simultaneous profiles of hyperspectral downwelling irradiance, Ed(k, z), and upwelling radiance, Lu(k,
z), (where z is the depth) acquired using a Satlantic HyperPRO free-falling optical profiler equipped with a
surface irradiance reference. The maximum depth of the optical profiles ranged from a few meters in near-
shore waters to " 50 m in oligotrophic waters. At each sampled station, the measurements of Ed(k, z) and
Lu(k, z) collected during three optical profiles in clear, oligotrophic offshore waters and "20 optical
profiles in shallow, turbid waters were pooled together and used to calculate a Rrs(k, 01) spectrum as in
equation (2)

Rrsðk; 01Þ5 LwðkÞ
Edðk; 01Þ

(2)

where Lw(k) is the spectral water-leaving radiance, and Ed(k,01) is the spectral downwelling irradiance just
above the surface, calculated from their corresponding below-surface values using the approximations:
Edðk; 01Þ51:04 % Edðk; 02Þ and LwðkÞ50:54 % Luðk; 02Þ [Austin, 1974]. Here, Ed(k,0-) was calculated as the
exponential of the intercept (z 5 0) of the least-square fit of the pooled profiles of ln [Ed (k, z)] against depth
z. Similarly, Lu(k,0-) was calculated as the exponential of the intercept (z 5 0) of the least-square fit of the
pooled ln [Lu (k, z)] profiles against depth z. In this study, only the Rrs(k, 01) derived at k 5 443, 488, 555,
667, and 678 nm (Aqua-MODIS wave bands) are used.

Table 1. General Sampling Information During the Five GulfCarbon Cruises to the Northern Gulf of Mexicoa

Season Sampling Periods

Number of Samples/Measurements

CDOM (S275–295) [DOC] Lignin (TDLP9-C) Rrs(k,01)

Winter 2009 9–18 Jan 2009 48 24 18 11
Spring 2009 20–30 Apr 2009 50 50 23 13
Summer 2009 19–29 Jul 2009 51 51 21 20
Fall 2009 29 Oct to 7 Nov 2009 47 47 22 16
Winter/spring 2010 11–20 Mar 2010 50 50 20 15
Total 246 222 104 75

aSampling sites are shown in Figure 1.

Table 2. Environmental Conditions During the Five GulfCarbon Cruises to the Northern Gulf of Mexico

Season Sampling Periods

Salinitya Water Temperature (oC)

Dominant Winds
Mean M-ARS Water

Dischargeb(km3 d21)Min-Max/Median Min-Max/Median

Winter 2009 9–18 Jan 2009 0–36.45/35.15 8.0–23.7/19.1 S-SW reversing to N-NE 1.85 (1.25)
Spring 2009 20–30 Apr 2009 0–36.95/34.20 15.1–24.6/22.7 SE 2.78 (2.49)
Summer 2009 19–29 Jul 2009 0–36.77/32.32 27.5–30.8/29.7 S-SW 1.41 (2.20)
Fall 2009 29 Oct to 7 Nov 2009 0–36.63/32.70 16.7–27.4/23.7 S-SE reversing to N-NE 2.82 (1.94)
Winter/spring 2010 11220 Mar. 2010 0–36.48/28.32 10.6–20.3/17.0 NW 2.08 (2.68)

aSalinity/Water temperature ranges and median values correspond to the sampling grid of the CDOM samples (see Figure 1a).
bThe number in parenthesis is the average M-ARS water discharge (km3 d21) during the 15 day period preceding the sampling period.

Journal of Geophysical Research: Oceans 10.1002/2013JC009424

FICHOT ET AL. VC 2014. American Geophysical Union. All Rights Reserved. 1179

Downwelling Irradiance 

Water-leaving radiance 

Lw(λ) 

Ed(λ,0+) Field 
spectroradiometer 
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20

occurring at the interface such as whitecaps or specular reflection of direct light (equa-

tion 2.8). While the sensor may be tilted to avoid sun glint (specularly reflected light),

the optical return from the whitecaps and from the intervening atmosphere constitutes

noise and appropriate corrections are required in order to extract the portion of the

signal that originates from the water body (Lw(∏)), from which information regarding

seawater composition may be inferred. The radiance Lt(∏) measured at the sensor may

be partitioned into several components (equation 2.8).

Lt(∏) = Lr(∏) + La(∏) + Lra(∏) + T (∏, µ)Lg(∏) + t(∏, µ)Lwc(∏) + t(∏, µ)Lw(∏) (2.8)

where Lt(∏) is the aperture radiance measured at the top of the atmosphere by the sensor,

Lr(∏) originates from Rayleigh (molecular) multiple scattering within the atmosphere,

La(∏) originates from scattering by aerosols within the atmosphere, Lra(∏) originates

from Rayleigh-aerosol interactions within the atmosphere, Lg(∏) is the specularly re-

flected radiance from the sea surface and Lw(∏) is the water-leaving radiance. T (∏, µ)

and t(∏, µ) represent the direct and diffuse atmospheric transmittance respectively, in

the ocean-to-space direction at some angle µ to the vertical.

The entire process that extracts the water-leaving signal Lw(∏) from the total signal

recorded by the satellite-borne sensor is usually referred to as “atmospheric correction”.

Upon its transfer through the atmosphere, solar radiation is absorbed and scattered by

air molecules and aerosols so that part of the signal measured by the sensor originates

from backscattering by atmospheric molecules and aerosols. Aerosols refer to any at-

mospheric suspension (liquid or particulate) of a variety of shapes and compositions.

They include smokes, dusts, minerals, droplets, ashes and hydrogen sulfates (IOCCG,

2000; Gordon, 1997). Absorption by ozone and oxygen needs also to be considered as

they affect the diffuse transmittance of the atmosphere to visible light. The scattering

properties of particles are different from those of molecules and are a function of particle

size.

A treatment of Rayleigh (molecules) scattering effects is usually used to account

for Lr(∏) while a treatment of Mie (aerosols) scattering effects is used to correct for

La(∏) (Wang & Gordon, 1994). Multiple scattering and interactions between molecules

and aerosols (light first scattered by molecules and then by aerosols or vice-versa) is

also known to affect the photon budget (Deschamps et al., 1983) and can be considered

as a separate term Lra(∏) (Gordon & Wang, 1994b; Wang & Gordon, 1994). Another

portion of the signal originates from whitecaps formation at the air-sea interface (Lwc(∏))

(Gordon & Wang, 1994a) and contamination due to specularly reflected light at the

interface (Lg(∏)) may happen, although it is generally avoided Gordon (1997). The rest

Atmospheric Correction 

>90% <10% 

21

of the signal corresponds to the light originating from the aquatic medium, and is the

signal of interest.

In the visible, more than 90% of the radiance measured by the satellite sensor typ-

ically comes from the atmosphere, as depicted in figure 2.4. Performing accurate at-

mospheric corrections is therefore very important since a small uncertainty in the at-

mospheric correction may lead to a large error in the inferred water-leaving radiance.
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(b) Sargasso Sea

Figure 2.4: Contributions of all radiances to the total top-of-atmosphere ra-
diance Lt(∏) measured by the sensor. Radiance originating from the Rayleigh
scattering in the atmosphere Lr(∏) accounts for a large portion of the signal
but its contribution can be estimated accurately. The radiance attributable
to scattering by aerosols Lr(∏) is variable and is the most difficult term to
constrain. Lr(∏) is responsible in many cases for failure of the atmospheric
correction procedure. An overestimation of the contribution by aerosols of-
ten results in the computation of underestimated or negative radiances in the
coastal zone. Here, Lra(∏) was not included in the processing. The water-
leaving radiance Lw(∏) itself only accounts for a moderate amount of the
signal, particularly in coastal waters. The effects of whitecaps, Lwc(∏), and
of sun glint, Lg(∏), are generally small.

Normalized water-leaving radiances nLw(∏)

The primary objective of ocean color missions is to provide remote measurements of

water-leaving radiances Lw(∏) that are independent of the measurement conditions.

The magnitude and spectral shape of Lw(∏) are directly dependent on the illumination

conditions. Although the extraction of the signal Lw(∏) required to remove the effects

Top-of atmosphere 

Water 
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occurring at the interface such as whitecaps or specular reflection of direct light (equa-

tion 2.8). While the sensor may be tilted to avoid sun glint (specularly reflected light),

the optical return from the whitecaps and from the intervening atmosphere constitutes

noise and appropriate corrections are required in order to extract the portion of the

signal that originates from the water body (Lw(∏)), from which information regarding

seawater composition may be inferred. The radiance Lt(∏) measured at the sensor may

be partitioned into several components (equation 2.8).

Lt(∏) = Lr(∏) + La(∏) + Lra(∏) + T (∏, µ)Lg(∏) + t(∏, µ)Lwc(∏) + t(∏, µ)Lw(∏) (2.8)

where Lt(∏) is the aperture radiance measured at the top of the atmosphere by the sensor,

Lr(∏) originates from Rayleigh (molecular) multiple scattering within the atmosphere,

La(∏) originates from scattering by aerosols within the atmosphere, Lra(∏) originates

from Rayleigh-aerosol interactions within the atmosphere, Lg(∏) is the specularly re-

flected radiance from the sea surface and Lw(∏) is the water-leaving radiance. T (∏, µ)

and t(∏, µ) represent the direct and diffuse atmospheric transmittance respectively, in

the ocean-to-space direction at some angle µ to the vertical.

The entire process that extracts the water-leaving signal Lw(∏) from the total signal

recorded by the satellite-borne sensor is usually referred to as “atmospheric correction”.

Upon its transfer through the atmosphere, solar radiation is absorbed and scattered by

air molecules and aerosols so that part of the signal measured by the sensor originates

from backscattering by atmospheric molecules and aerosols. Aerosols refer to any at-

mospheric suspension (liquid or particulate) of a variety of shapes and compositions.

They include smokes, dusts, minerals, droplets, ashes and hydrogen sulfates (IOCCG,

2000; Gordon, 1997). Absorption by ozone and oxygen needs also to be considered as

they affect the diffuse transmittance of the atmosphere to visible light. The scattering

properties of particles are different from those of molecules and are a function of particle

size.

A treatment of Rayleigh (molecules) scattering effects is usually used to account

for Lr(∏) while a treatment of Mie (aerosols) scattering effects is used to correct for

La(∏) (Wang & Gordon, 1994). Multiple scattering and interactions between molecules

and aerosols (light first scattered by molecules and then by aerosols or vice-versa) is

also known to affect the photon budget (Deschamps et al., 1983) and can be considered

as a separate term Lra(∏) (Gordon & Wang, 1994b; Wang & Gordon, 1994). Another

portion of the signal originates from whitecaps formation at the air-sea interface (Lwc(∏))

(Gordon & Wang, 1994a) and contamination due to specularly reflected light at the

interface (Lg(∏)) may happen, although it is generally avoided Gordon (1997). The rest

Atmospheric Correction 

>90% <10% 

Top-of atmosphere Water 

Atmospheric 
correction 



Satellites and Sensors for Water Quality 
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•  Currently several satellites observe 
water surface properties in:  
–  Coastal oceans and estuaries 
–  Many in-land lakes 

 

•  A number of WQ parameters are 
operationally available from these 
satellites 
–  Temperature 
–  Chl-a 

Overview of NASA Satellites & Sensors for Water Quality 
Monitoring  
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Satellite Sensor Parameter 
Landsat Series 
(7/1972 - present) 

•  Thematic Mapper (TM)  
•  Enhanced Thematic Mapper (ETM+) 
•  Operational Land Imager (OLI) 

•  Spectral Reflectance 

Terra  
(12/1990-present) 

Moderate Resolution Imaging Spectroradiometer 
(MODIS) 

•  Spectral Reflectance 
•  Chlorophyll-a Concentration 
•  Temperature 
•  Colored Dissolved Organic Matter 

(CDOM) 
•  Turbidity 
•  Euphotic Depth  

Aqua  
(5/2002-present) 

Terra  
(12/1999 – present) 

Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) 

•  Spectral Reflectance 
•  Temperature 

National Polar Partnership 
(NPP)  
(11/2011-present) 

Visible Infrared Imaging Radiometer Suite 
(VIIRS) 

•  Spectral Reflectance 
•  Chlorophyll Concentration 

Overview of NASA Satellites & Sensors for Water Quality 
Monitoring  
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•  Near-polar orbit, 10 a.m. 
equator-crossing time 

•  Global coverage 

•  July 1972 – Present 
–  16 day revisit time 

•  Sensors 
–  MSS 
–  TM 
–  ETM+ 
–  OLI 
–  TIRS 

Landsat Satellites and Sensors 
http://landsat.gsfc.nasa.gov  

http://landsat.usgs.gov//about_mission_history.php 
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•  Flying on-board Landsat-y polar orbiting 
satellites 

•  Spatial Coverage and Resolution:  
–  Global, swatch: 185km 
–  Spatial resolution: 15m, 30m, 60m 

•  Temporal Coverage and Resolution 
–  April 15, 1999 – present 
–  16 day revisit time 

•  Spectral Bands: 8 
–  Major bands include: blue-green, green, 

red, reflected and thermal IR, panchromatic 
•  Bands 1-5 & 7: 30m 
•  Band 6: 60m 
•  Band 8: 15m 

Enhanced Thematic Mapper (ETM+)  
http://geo.arc.nasa.gov/sge/landsat/l7.html 
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•  Flying on-board Landsat-8 polar orbiting 
satellite 
–  Landsat Data Continuity Mission (LDCM) 

•  Spatial Coverage and Resolution 
–  Global, swath 185km 
–  Spatial resolution: 15km, 30m 

•  Temporal Coverage and Resolution 
–  February 11, 2013 – present 
–  16 day revisit time 

•  Spectral Bands: 9 
–  Major bands include blue-green, red, near 

IR, shortwave and thermal IR, panchromatic 

•  Bands 1-7 & 9: 30m 
•  Band 8: 15m 

Operational Land Imager (OLI) 
http://landsat.usgs.gov/landsat8.php and http://landsat.gsfc.nasa.gov/?p=5779 
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Terra:  
•  Polar orbit, 10:30 am equator crossing time 
•  Global Coverage 
•  December 18,1999 – Present 
•  1-2 observations per day 

 Sensors: 
 ASTER, CERES, MISR, MODIS, MOPITT 

http://terra.nasa.gov 
 

http://aqua.nasa.gov/ 
 

Aqua: 
•  Polar orbit, 1:30 pm equator crossing time 
•  Global Coverage 
•  May 4, 2002 – Present 
•  1-2 observations per day 

Sensors:  
AIRS, AMSU, CERES, MODIS, AMSR-E 

Terra and Aqua 
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•  Flying on-board Terra & Aqua polar 
orbiting satellites 
–  Designed for land, atmosphere, ocean and 

cryosphere observations 

•  Spatial Coverage and Resolution 
–  Global, swath width: 2330 km 
–  Spatial resolution varies: 250m, 500m, 1km 

•  Temporal Coverage and Resolution 
–  2000-present, 2 times per day 

•  Spectral Bands: 36 
–  Major bands includes red, blue, IR, NIR, 

MIR 
•  Bands 1-2: 250m 
•  Bands 3-7: 500m 
•  Bands 8-36: 1000m 

MODerate Resolution Imaging Spectroradiometer (MODIS) 
http://modis.gsfc.nasa.gov 
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•  Polar Orbit, 1:30 p.m. equator crossing 
time 

•  Global coverage 

•  November 21, 2011- present 
–  1-2 observations per day 

•  Sensors 
–  VIIRS 
–  ATMS 
–  CrlS 
–  OMPS 
–  CERES 

National Polar Partnership (NPP) 
http://www.nasa.gov/mission_pages/NPP  
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•  Flying on-board NPP – polar orbiting 
satellite 
–  Designed to collect measurements of 

clouds, aerosols, ocean color, surface 
temperature, fires, and albedo 

•  Spatial Coverage and Resolution  
–  Global, swatch width: 3040km 
–  Spatial resolution: 375m to 750m 

•  Temporal Coverage and Resolution 
–  October 2011-present 
–  2 times per day 

•  Spectral Bands: 15 
–  Major bands include visible, red, blue, 

green, short, middle, and long-wave IR 

•  Ocean color bands 1-7  
–  0.402 – 0.682 µm 

•  Sea surface temperature bands 12-13 
–  3.660 – 4.128 µm 

Visible Infrared Imaging Radiometer Suite (VIIRS) 
http://npp.gsfc.nasa.gov/viirs.html  



WQ Data and Demonstration of Web Tools - 
Giovanni and OceanColor Web  
Visualize and Access the Data 
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Satellite Sensor Parameter 
Landsat Series 
(7/1972 - present) 

•  Thematic Mapper (TM)  
•  Enhanced Thematic Mapper (ETM+) 
•  Operational Land Imager (OLI) 

•  Spectral Reflectance 

Terra  
(12/1990-present) 

Moderate Resolution Imaging Spectroradiometer 
(MODIS) 

•  Spectral Reflectance 
•  Chlorophyll-a Concentration 
•  Temperature 
•  Colored Dissolved Organic 

Matter (CDOM) Index 
•  Turbidity 
•  Euphotic Depth  

Aqua  
(5/2002-present) 

Terra  
(12/1999 – present) 

Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) 

•  Spectral Reflectance 
•  Temperature 

National Polar Partnership 
(NPP)  
(11/2011-present) 

Visible Infrared Imaging Radiometer Suite 
(VIIRS) 

•  Spectral Reflectance 
•  Chlorophyll Concentration 

Water Quality Data  
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Level 0 Raw Instrument Data 

Level 1 Geolocated and Calibrated 

Level 2 Geophysical Data Product 
Derived from L1 Data 

Level 3 Composites of Level 2 Data 
Products 

Level 4 Model-derived Data Product 

•  Orbital Data (Levels 0, 1, 2) 
–  More user control 
–  Highest spatial/temporal resolution 
–  Harder to use 

•  Gridded Data Products (Levels 3, 4) 
–  Less user control 
–  Lower spatial/temporal resolution but 

gridded and may be available at multiple 
spatial/temporal resolutions 

–  More web tools available for analysis/
access 

–  Easier to use 

Levels of Data 
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Satellite/Sensor Data Access Tool Source Coverage Spatial 
Resolution 

Terra and Aqua: 
MODIS 

WQ Parameters 

Giovanni 
Seadas/Oceancolor 

Web 

NASA Goddard  
Earth Sciences, Data 
&Information Services 

Center  

8-day and monthly 
Composites 

2000-present 

9 km and 4 km 

MODIS :  
Level 1 & 2 Data 

Level 3 Data  

OceanColor Web NASA Daily 
Daily, 3 and 8 day 

Composites, Monthly, 
Seasonal 

2000-present 

250 m  
 

9 km and 4 km 

Landsat* Tm, ETM+ 
EO-1/Hyperion 

Terra/ASTER Spectral 
Reflectance 

LandsatLook Viewer* 
GloVIS EarthEXploer 

USGS July 1972-presnet 30 -60 m (Landsat 
and EO1-)  

 15 m (ASTER) 

NPP/VIIRS 
WQ Parameters 

STAR NOAA October 2011-present 375 m 

Water Quality Access Tools 
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•  Giovanni:  
–  Geospatial Interactive Online Visualization 

ANd aNalysis Infrastructure 

•  A web-based application developed by 
the Goddard Earth Sciences Data & 
Information Services Center (GES 
DISC) 

•  Provides a simple and intuitive way to 
visualize, analyze, and access vast 
amounts of Earth science remote 
sensing data without having to download 
the data 

•  Available Data:  
–  MODIS-Aqua Chlorophyll Concentration 

Monthly, 4km (7/2002 – 2/2016) 

Giovanni 
http://giovanni.gsfc.nasa.gov/giovanni  
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Giovanni – User Selections 
http://giovanni.gsfc.nasa.gov/giovanni  

Plot Data 

Search Data by a Keyword 

Analysis and  
Plot Selection 

Start and End Date; and 
Spatial Selection by 
Map/Latitude-Longitude/
Shapefile 
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Giovanni – User Selections 
http://giovanni.gsfc.nasa.gov/giovanni  

MODIS-based Chlorophyll Concentration for February 2016 in the Great Lakes  



National Aeronautics and Space Administration Applied Remote Sensing Training Program 41 

Giovanni – Visualization 
http://giovanni.gsfc.nasa.gov/giovanni 

Zoom 
In 

Save Image 

Change Colors and Re-plot 

Download 
Data 
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Giovanni – Data Download 
http://giovanni.gsfc.nasa.gov/giovanni  

Options for multiple 
formats, including 
GeoTIFF for GIS 

Back to Data 
Selection 

Click to 
download the 
files 
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•  Developed for collection, processing, 
validation, and distribution of ocean-
related products from remote sensing 
and in situ observations  

•  Useful for monitoring costal and in-land 
water bodies and estuaries 

•  Provides visual data browsing capability 
for L1/L2 and L3 data [Chlorophyll 
Concentration- Chl, Sea Surface 
Temperature- SST] from selected 
sensors, and advance capability of 
processing remote sensing images by 
using SeaDAS 

OceanColor Web 
http://oceancolor.gsfc.nasa.gov/cms  
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OceanColor Web - Data Visualization and Data Access 
http://oceancolor.gsfc.nasa.gov/cms  

Level-2 
 
 
 
Level-3  

Data selection by 
clicking on the maps 

Available Missions 

* 

* 
* 
* 

* 

* 

* Past Missions 

Near real-
time data can 
be subscribed Data search and 

download 
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OceanColor Web: L1 Images and L2 Data Visualization 
http://oceancolor.gsfc.nasa.gov/cms  

Level-2 
 
 
Level-3  

MODIS and VIIRS 
Near Real-Time and 
Past Chlorophyll 
Data 

Time Selection 
(Year) 

Time Selection 
(Month and Day) 

Pre-defined 
Regions  

Zoom on a Region 

Area and 
Swath Size 
Selections 

Parameter 
Selection 
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OceanColor Web: L3 Data Visualization 
http://oceancolor.gsfc.nasa.gov/cms  

Level-2 
 
 
Level-3  

Data Product, Time Selections, and Spatial Resolution Selections 
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•  SeaDAS is a comprehensive image 
analysis package developed for the 
processing, display, analysis, and quality 
control of ocean color data.  

•  The latest version (SeaDAS 7.3.1) is 
developed in a collaboration with the 
developers of ESA's BEAM software 
package. 

SeaDAS: Data Analysis Package 
http://seadas.gsfc.nasa.gov/ 
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SeaDAS: Features 
http://seadas.gsfc.nasa.gov/ 
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•  Visualization-only version  

•  Visualization and data 
processing version 

•  Multiple mission data can be 
analyzed 

•  SeaDAS download, installation, 
and usage require advance 
training 

SeaDAS: System Requirement 
http://seadas.gsfc.nasa.gov/ 
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SeaDAS: Example 
http://seadas.gsfc.nasa.gov/ 



Strengths and Limitations of the Remote 
Sensing Data for WQ Monitoring 
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Remote Sensing Observations: Trade Offs 

•  It is difficult to obtain extremely high spectral, spatial, temporal and radiometric 
resolution at the same time 

•  Several sensors can obtain global coverage every one to two days because of their 
wide swath width (for example, MODIS on Terra/Aqua) but have spatial resolution of 
250 m to 1 km 

•  Higher spatial resolution (30 m) polar orbiting satellites (for example, Landsat)have 
lower temporal resolution of 16 days  

•  Large amount of data with varying formats  

•  Data applications may require additional in situ measurements, processing, 
visualization and other tools 
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•  In situ measurements have limited 
sample collection – not representative of 
entire water body 

•  Periodic sample collection may not 
capture daily, monthly, or seasonal water 
quality changes 

•  Labor intensive and expensive 

Limitations of In Situ Observations for Water Quality Monitoring 

http://epa.gov/greatlakes/monitoring/ 



National Aeronautics and Space Administration Applied Remote Sensing Training Program 54 

•  Provides information where there are no 
surface-based measurements available 
and augments when available 

•  Provides global/near-global coverage 
with consistent observations 

•  Provides continuous coverage in 
comparison to point measurements 

Advantage of Remote Sensing Observations for Water 
Quality Monitoring 

MODIS	Aqua	satellite	image	from	October	23,	2011,	showing	
areas	of	elevated	chlorophyll	a	(in	red	and	orange)	

Limited Water Sampling Locations 

MODIS Aqua satellite image from October 23, 2011, 
showing areas of elevated chlorophyll a (in red and 
orange) 

hEp://data.gcoos.org/	
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Limitations of Remote Sensing Observations for Water 
Quality Monitoring 

•  Spectral reflectance in the presence of clouds may be unsuitable for monitoring WQ 

•  Atmospheric contribution to the reflectance has to be corrected to get the surface water 
properties 

•  Medium-spectral bands data may contain effect of multiple WQ parameters 

•  In the coastal zones data may contain land contribution 



Examples of NASA Remote Sensing 
Applications for WQ Monitoring 

http://arset.gsfc.nasa.gov 
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Model combined with Rainfall, Land 
Cover, Slope from Landsat-8 and LIDAR 
Measurements 

End User: Denver Water 

•  This project helped determine excessive 
runoff and sedimentation due to extreme 
rain and flooding in Denver area, and 
provided a fine scale map detailing 
potential erosion mitigation sites 

Learn more: 
http://develop.larc.nasa.gov/2015/
summer_term/
ColoradoWaterResourcesII.html  

Sedimentation Mitigation in a Colorado Watershed 
NASA DEVELOP Project - http://develop.larc.nasa.gov/  
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End Users: 

Hyperion Treatment Plant (HTP) and 
Orange County Sanitation District 
(OSCD), Southern California 

•  Remote Sensing Measurements were 
used to detect wastewater plume and 
impact in the southern California Bight  

Learn more: 
http://podaac-www.jpl.nasa.gov/
OceanEvents/
2014_10_22_WastewaterDiversions  

Wastewater Plumes Monitoring 
NASA Develop Project – http://develop.larc.nasa.gov  

Sea Surface Temperature near the Outflow pipes in the 
Southern California Bay 
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1.  Water quality monitoring at high spatial 
resolution (2 m) in California Bay-Delta 
http://pubs.acs.org/doi/abs/10.1021/
acs.est.5b03518  

2.  Monitoring of harmful algal bloom in 
Lake Erie (Summer of 2004) 
http://www.epa.gov/sites/production/
files/2014-12/documents/habs-
davis-12-10-14.pdf 

Airborne Remote Sensing for Water Quality Monitoring 

High-Resolution Remote Sensing of Water Quality in the San
Francisco Bay−Delta Estuary
Ced́ric G. Fichot,*,† Bryan D. Downing,‡ Brian A. Bergamaschi,‡ Lisamarie Windham-Myers,§

Mark Marvin-DiPasquale,§ David R. Thompson,† and Michelle M. Gierach†

†Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California 91109, United States
‡United States Geological Survey, Sacramento, California 95819, United States
§United States Geological Survey, Menlo Park, California 94025, United States

*S Supporting Information

ABSTRACT: The San Francisco Bay−Delta Estuary water-
shed is a major source of freshwater for California and a
profoundly human-impacted environment. The water quality
monitoring that is critical to the management of this important
water resource and ecosystem relies primarily on a system of
fixed water-quality monitoring stations, but the limited spatial
coverage often hinders understanding. Here, we show how the
latest technology in visible/near-infrared imaging spectroscopy
can facilitate water quality monitoring in this highly dynamic
and heterogeneous system by enabling simultaneous depic-
tions of several water quality indicators at very high spatial
resolution. The airborne portable remote imaging spectrom-
eter (PRISM) was used to derive high-spatial-resolution (2.6 ×
2.6 m) distributions of turbidity, and dissolved organic carbon (DOC) and chlorophyll-a concentrations in a wetland-influenced
region of this estuary. A filter-passing methylmercury vs DOC relationship was also developed using in situ samples and enabled
the high-spatial-resolution depiction of surface methylmercury concentrations in this area. The results illustrate how high-
resolution imaging spectroscopy can inform management and policy development in important inland and estuarine water bodies
by facilitating the detection of point- and nonpoint-source pollution, and by providing data to help assess the complex impacts of
wetland restoration and climate change on water quality and ecosystem productivity.

1. INTRODUCTION
The San Francisco Bay−Delta Estuary watershed covers 40% of
California, and represents the heart of California’s water supply
system1 (Figure 1a). The San Joaquin and Sacramento rivers
converge in Central California and form the inverted
Sacramento−San Joaquin River Delta (hereafter the Delta).
The Delta flows directly into Suisun Bay, and eventually into
the greater San Francisco Bay via Carquinez Strait. Half of
California’s entire streamflow transits through this watershed,2

and about 9 km3 of water is exported annually from the Delta to
the San Joaquin Valley, the Central Coast of California, and
Southern California. Overall, the Delta supplies freshwater to
>1 million hectares of agricultural land, and to >27 million
people in California via the Central Valley Project (CVP) and
State Water Project (SWP) infrastructures.
The San Francisco Bay−Delta Estuary and its watershed is

also a very altered and managed ecosystem.1 Suisun Bay, the
adjacent Suisun Marsh, and the Delta (Figure 1a) were once a
vibrant and productive tidal marsh consisting of periodically
flooded, low-lying islands made of peat and tule, and
surrounded by narrow sloughs. But since the mid-19th Century,
more than 120 000 ha of tidal marshes have been leveed,

drained, and converted to agriculture. About fifty-five levied
islands surrounded by deep, barren channels now replace the
shallow and dendritic marshlands of the Delta, and a large
fraction of the Suisun Marsh is now managed wetlands (Figure
1a). Large water pumping stations in the southern part of the
Delta, and upstream regulation of the rivers have also
dramatically altered the natural flow of water through the
Bay−Delta Estuary. These geomorphological and hydrological
alterations have led to the unnatural separation and isolation of
terrestrial and aquatic habitats, severe subsidence on the leveed
islands, loss of habitat and biodiversity, and the deterioration of
water quality.
Water quality monitoring is a key component in the

management of this important water resource and ecosystem.
Poor water quality can lead to costly drinking-water treatment,
and impact ecosystem productivity, habitat quality, and wildlife
and human health. The importance of the Delta as a water
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Water Quality Monitoring using MODIS and VIIRS 
In the Gulf of Mexico 

Learn more: http://optics.marine.usf.edu/cgi-bin/optics_data?roi=CWFL&current=1  
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NASA Applied Sciences Water Resources 
Program supports applied research for 
water quality monitoring and decision 
support activities, for example:  

“Testing the Waters: Remote Sensing 
Applications to Water quality Management 
in Florida” -- Lehrter et al. 

https://c3.nasa.gov/water/static/media/
other/Lehrter_-
_Water_Quality_Management_in_Florida.
pdf 

Research to Application and Decision Support  
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Thank You 
The course material is available from 

http://arset.gsfc.nasa.gov/ 
 

ARSET Listserv: 
https://lists.nasa.gov/mailman/listinfo/arset 


